Small inward rectifying K+ channels in coleoptiles: inhibition by external Ca2+ and function in cell elongation.
Plant growth requires a continuous supply of intracellular solutes in order to drive cell elongation. Ion fluxes through the plasma membrane provide a substantial portion of the required solutes. Here, patch clamp techniques have been used to investigate the electrical properties of the plasma membrane in protoplasts from the rapid growing tip of maize coleoptiles. Inward currents have been measured in the whole cell configuration from protoplasts of the outer epidermis and from the cortex. These currents are essentially mediated by K+ channels with a unitary conductance of about 12 pS. The activity of these channels was stimulated by negative membrane voltage and inhibited by extracellular Ca2+ and/or tetraethylammonium-CI (TEA). The kinetics of voltage- and Ca(2+)-gating of these channels have been determined experimentally in some detail (steady-state and relaxation kinetics). Various models have been tested for their ability to describe these experimental data in straightforward terms of mass action. As a first approach, the most appropriate model turned out to consist of an active state which can equilibrate with two inactive states via independent first order reactions: a fast inactivation/activation by Ca(2+)-binding and -release, respectively (rate constants >> 10(3) sec-1) and a slower inactivation/activation by positive/negative voltage, respectively (voltage-dependent rate constants in the range of 10(3) sec-1). With 10 mM K+ and 1 mM Ca2+ in the external solution, intact coleoptile cells have a membrane voltage (V) of -105 +/- 7 mV. At this V, the density and open probability of the inward-rectifying channels is sufficient to mediate K+ uptake required for cell elongation. Extracellular TEA or Ca2+, which inhibit the K+ inward conductance, also inhibit elongation of auxin-depleted coleoptile segments in acidic solution. The comparable effects of Ca2+ and TEA on both processes and the similar Ca2+ concentration required for half maximal inhibition of growth (4.3 mM Ca2+) and for conductance (1.2 mM Ca2+) suggest that K+ uptake through the inward rectifier provides essential amounts of solute for osmotic driven elongation of maize coleoptiles.